issue is the possible effect of the high temperature from the decay heat of the waste. This would make the surrounding pore water less dense, and hence buoyant. Studies to date suggest that "the thermally-induced movement of the pore waters, the waste package, and the sediments is small,"15 but a major field test to assess this conclusion, the In-Situ Heat Experiment, was canceled in the late 1980s. In the case of excess weapons plutonium, this is not an issue because the heat output from the weapons plutonium would be only about 30 watts per canister (assuming 10 kilograms of plutonium could be placed in each canister), compared to some 1.5 kilowatts considered for the HLW case. Hence the weapons plutonium would raise the temperature of the mud at 1 meter by only 2-3°C, and the induced pore water flow would be less by the ratio of the heat produced.16
One issue that had not been fully addressed when the seabed studies were terminated is the existence of faults in some of the sediments examined, above and below the planned emplacement depths, which could create avenues for more rapid transport to the surface. For plutonium disposal, where only a small area is needed, one could simply avoid the known areas of faulting.17 While one could imagine that living organisms might burrow through the mud and bring plutonium to the surface, tests indicate that such organisms exist only in approximately the top meter of sediment—though small organisms such as bacteria might well be brought to lower depths by the act of emplacing the canisters itself.
Even if the plutonium did reach the surface of the mud before it had nearly all decayed, it would be released in very deep water that does not mix rapidly with water at higher levels, and where concentrations of marine organisms are lower than they are near the surface—though seabed photography of these regions does show numerous benthic animals such as sea cucumbers. Preliminary modeling suggests that any doses to humans would be delayed many thousands of years and would be small compared to normal background radiation. (The dose to the most exposed population if much of the plutonium escaped into the sea is estimated below, in discussing the ocean dilution option.)
Another issue is possible criticality of the plutonium. A sustained chain reaction would greatly increase the heat in the emplacement, potentially creating a "bubble" of plutonium and fission products that would rise through the mud more rapidly than described above. To limit this risk, some processing of the plutonium would probably be necessary before emplacement. The canister could be filled with solid material, such as a plutonium alloy, or a cast matrix containing 3 atoms of normal boron per atom of Pu-239 (which is enough to keep
15 NEA/OECD, 1988, op. cit., Vol. I, p. 42.
16 If, however, the canisters were given the ability to pump a plutonium-bearing solution into the
!,:„   ,.~l,,t;~«    ™;,-,l-,*   Un   /-WimioH   in   V.<n/»   n   HiffAr<»nf   Hpncitv   than   thee assumptions, the steady-state flux across a barrier—for instance, between water saturated with plutonium at concentration C0 on one side of a sediment layer of width W, and the sea on the other side—is simply F = &DC0 /W, unaffected by the sorption on the sediment. volume, and for y x Kd » 1, the mass of plutonium per milliliter of gross volume would be larger than that in tfi*> crtintirtn untiirmt cnrhant hv o far-tnr v v Jf,- this annlips tn rhp. linear range, for which KJ is nearlvng cost of lost revenue, and the utility that owns the reactor would have to be persuaded to allow its use for this purpose. This option, however, would have the significant advantage of providing two reactors and a fuel-fabrication facility on a single nuclear-weapons complex site. The time and cost for modifying and licensing WNP-2 might turn out to be lessummary of the
